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"If literature isn't everything, it's not worth a single hour of someone's trouble."- Jean Paul Sartre

"I tore myself away from the safe comfort of certainties through my love for the truth;
and truth rewarded me."
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Abstract
This thesis details the serendipitous discovery of the phenomenon of concomitant
conformational polymorphism found to exist in 1,2-bis(9-anthryl)acerylene. 1,2-Bis(9
anthryl)acetylene is a previously published molecule. However, the published crystal structure
showed the molecule to be completely planar, and to crystallize in the form of orange needles.
While this form of the crystal

was indeed found during the synthesis of 1,2-bis(9

anthryl)acetylene, a new polymorph, crystallizing as yellow prisms was also discovered. This
yellow polymorph was found by X-ray crystallography to be monoclinic with an angle of 66. T
between the anthracene planes. The planar polymorph 1,2-bis(9-anthryl)acetylene was also found
by X-ray crystallography to have different crystal structure data than that of the published
structure. Naphthalene and quinoline analogs of 1,2-bis(9-anthryl)acetylene were also prepared.,
/'

and their crystal structures are currently pending.
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Introduction

1.1 Original Target Molecules
The original target molecules of this project were hexa~substituted benzenes 1, where the

R group was to be either anthracene, naphthalene or quinoline moieties. The proposed synthetic
route to create these molecules included an essential intermediate step, that is, the generation of
the bis aromatic acetylene molecules 2, which would then be cyclotrimerized using dicobalt
octacarbonyl catalyst to create the hexa-substitued benzene.
R
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These hindered benzenes are not without precedence in the literature. On the contrary, a
classic example, hexaphenylbenzene, is a common synthetic target in introductory level organic
chemistry laboratory,l Furthermore, the route to hexaphenybenzene via diphenylacetylene
employing a cyclotrimerization reaction has precedence in the literature, where transition metal
catalysis such as rhodium phosphine 2 as well as hexachlorodisilane3 have been employed to
trimerize diphenylacetylene in high yield. Finally, dicobalt octaearbonyl has been employed as a
catalyst for the cyclotrimerization of hindered benzenes, giving hexapropylbenzene from oct-4

yne in high yield. 4
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Thus, we wondered if the cyclotrimerization of even more hindered bis aromatic
acetylenes would yield the crowded hexa-substituted benzenes. Furthermore, the acetylene
precursor to the first target molecule, hexa(9-anthryl)benzene, bad already been reported by
Becker and Skelton,5 and was readily available.

1.2 Generation of 1,2-bis(9-anthryl)acetylene
1,2-Bis(9-anthryl)acetylene 4 was successfully synthesized according to the methods
published. by Becker and Skelton. The same orange needle-like crystals that they report were
found, and the IH NMR spectra of the synthesized compound confirmed its identity. Thus, the
bis anthryl acetylene precursor was taken forward to be cyclotrimerized with a dicobalt
octacarbonyl catalyst. Soon after the addition of solvent followed by degassing, the bright orange
acetylene precursor formed a lemon yellow solution. After heating at reflux with the catalyst for
four days, the solution was taken from the heat. As the solution cooled, two crops of crystals fell
out of solution, orange needles. which. in appearance, looked to be identical to the starting
material, and additionally. bright yellow prisms fell out oftbe solution concomitantly. The
yellow crystals generated much excitement and an X-ray crystallography experiment was run on
the yellow crystals immediately. However, the results of the X-ray crystallography experiment
showed that the yellow crystals were a different form of the starting material. The unit cell
dimensions of the yellow crystals were different from that of the orange crystals published by
Becker and Skelton.



The yellow crystals were not unknown to Becker and Skelton. Fwther literature
searching yielded another article by Becker et al 6 published two years after their original report,
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in which they remark about the fonnalion of these yellow crystals as well. In the below quote, 7
is equivalent to 3, likewise, 19 is equivalent to 4.
"We have previously prepared 19 by photolysis of7 in methylene cbloride and obtained
needle shaped red-orange crystals (mp >350'C) by slow recrystallization from methylene
chloride at room temperature. Acetylene 19 obtained in this fashion was used for X-ray
diffraction analysis. We now fInd that recrystallization of 19 from a stirred hot methylene
chloride solution gives a 'cubic' modification of lemon yellow crystals which melt
around 32S·C.',6

3

4

While Becker et al fully characterized the orange form of 1,2-bis(9-anthryl)acetylene 4, they
simply determined the melting point on the lemon yellow crystals.

IH NMR of the yellow crystals in CDCh yields a spectrum identical to that of the orange
crystals. Furthermore, UV-Vis data, and IR data all show the spectra of both yellow and orange
crystals to be identical. Only by appearance, by X-ray crystallography, and by melting point are
the two crystal forms unique; all other spectroscopic data for the two crystals are identical. All of

-

these pieces of information point the way to the phenomenon of concomitant conformational
polymorphism. Further analysis of the X-ray crystallography data showed the lemon yellow
crystals to have an angle of 67° between the two anthracene planes, while the orange crystals
were more consistent with published data' and were essentially planar.
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1.3 Conformational Polymorphism
We were intrigued by the conformational polymorphism seen in this case. While
polymorphism itself is not uncommon- sulfur, for example, crystallizes in both rhombic and
monoclinic forms- this example of polymorphism is not confonnational polymorphism. It is the
same structure which simply crystallizes in different unit cells. This is distinct from the
polymorphism found in ] ,2-bis(9-anthryl)acetylene, in which polymorphism is the result of
rotation of a carbon carbon bond. Thus, the polymorphism in 1,2-bis(9-anthryl)acetylene is
found not only in the unit cell of the crystal, but also with in the molecule itself, specifically in
the dihedral angle between the two anthracene moieties.

1.4 Concomitant Polymorphism
Unlike diamond and graphite, or the different polymorpbs of sulfur, concomitant
polymorphism occurs when polyrnorphs of a molecule crystallizes out of the same solution under
the same conditions. Far from the vast differentials of temperature and pressure needed to
generate graphite and diamond, concomitant polymorphism occurs in the same recrystalization
Vial, from the same solution.
Concomitant polymorpbs, although rare, have been known as early as 1832, when
Wohler and Liebig published7 on the dimorphism ofbenzamide which crystallizes both as
featherlike needles and in block form. However, while concomitant polymorphs have
occasionally been observed since then, they have rarely been studied in depth. Concomitant
polymorphs are defmed as " a solid crystalline phase of a given compound resulting from the
possibility of at least two crystalline arrangements of the molecules of that compound in the solid
state." 8 Concomitant polymorphs, though at first glance appearing often as impurities within a
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supposedly pure compound, can be recognized in a variety of ways, including different melting
points, differing physical properties such as thermal or electrical conductivity, and finally two or
more different colored or shaped crystals in a batch of pure compound. 8 Concomitance is an
interesting phenomenon not only because it is so rare, but also because it can provide structural
and thermodynamic information that would not be available if only one form of the molecule had
crystallized. Concomitant polymorphs are nearly equivalent energetically, and provide important
data for computational and theoretical models of crystallization. Concomitant polymorphs occur
when instead of one crystal structure with greater lattice energy, there are multiple forms with
similar lattice energies. If crystals are formed from solution, as in this case, transitions between
the polymorphs can occur with dissolution and slow evaporation. 9
Furthermore, to our knowledge, 1,2-bis(9-anthryl)acetylene is the only hydrocarbon to
exhibit concomitant confonnational polymorphism.

1.5 Synthetic Approach
Generation of the target molecules for this project involve the synthesis of
dianthrylcyclopropenone 3 as a starting material. A Friedel-Crafts alkyation of anthracene with
tetrachlorocyclopropene, followed by hydrolysis; is employed to synthesize this molecule.
Dianthrylcyclopropenone is then decomposed either by heat or by UV radiation to generate 1,2
bis(9-anthryl)acetylene. Interconversion of the two polymorphs is accomplished by heating 1,2
bis(9-antbryl)acetylene-in solvent with or without dicobalt octacarbonyl catalyst, or by slow
evaporation from solvent. The naphthalene and quinoline acetylene dimers are synthesized in a
slightly different manner, employing a room temperature Sonogashira coupling. II Finally,
structural determinations were made using IH and l3C NMR as well as single crystal X-ray
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diffraction. X~ray diffraction is of particular importance as it allows for determinations of the
angle between the two aromatic planes around the central triple bond. Further spectroscopic
methods including IN-Vis and IR were employed to characterize the conformational
polymorphs.
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Results and Discussion

2.1 Synthesis of 1,2-bis(9-anthryI)acetyIene
The synthesis of 1,2-bis(9-antbryl)acetylene was accomplished in two steps. The first
step generates diantluylcyclopropenone from tetracWorocyclopropene. 12 This step is
accomplished by a Friedel-Crafts alkylation using aluminum trichloride and commercially
available tetracWorocyclopropene in equimolar amounts and two equivalents of anthracene in 1,2
dichloroethane at -2SoC, after which the intermediate was hydrolyzed to give the resulting
dianthrylcyclopropenone by quenching with ice water. The resulting dark purple-red solids were
purified by Soxblet extraction in dichlorometbane over a period of four days. The red solids
recovered from the Soxhlet extraction were then subsequently recrystalized from toluene to yield
brick red solids in a 27% yield. The

IH

NMR data was consistent with expected predictions and

shows the characteristic pattern of a singlet, followed by two doublets, and two triplets, all
between 9 and 7.4 ppm. IR data show the carbonyl peak at 1842cm'l, consistent with published
data. 6
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Scheme 1. Synthesis of 1,2-bis(9-anthryl)acetylene
The second step is the elimination of carbon monoxide and formation of the triple bond
and is accomplished in either of two ways, thermall/ or photochemically.

II

Thermal elimination
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was accomplished by dissolving dianth.ry1cyclopropenone in 1,2 dicWoroethane and combining
with excess neutral alumina. The reaction vessel was then sealed and heated to 160"C for two
to four days. The reaction mixture was purified over silica gel, and gave product in both yellow
and orange crystalline forms upon evaporation from dicbloromethane. as indicated by IH NMR
spectrum. However, yield from this method was consistently too low to be of further use.
Photochemical elimination -of carbon monoxide and formation of the triple bond is
accomplished by dissolving dianthrylcyclopropenone in dicbloromethane and irradiating either
on a small scale (30 mg) in a Luzchem photochemical reactor, or on a larger scale (100 mg) in an
Ace Glass photochemical reactor. The Luzchem reactor employs ten lamps for a total of250
watts ( A= 254-419 om), while the Ace Glass reactor employs a 450 watt medium pressure
Hanovia mercury lamp. The solution was irradiated for three hours after which it was purified
over silica gel. Photochemical elimination on both large and small scales gave orange crystals
upon slow evaporation from dicbloromethane, in a 10-30% yield. Presence of the product is
indicated by IH NMR, showing a characteristic pattern of aromatic peaks; a doublet followed by
a singlet, another doublet and two triplets, all between 9.0 and 7.5 ppm. IR data confums the
presence of product with the disappearance of the carbonyl peak. at I 842cm-l and is consistent
with published data. 6
Originally, interconversion of the orange to yellow crystals was sereodipitously
discovered in the attempt to trimerize 1,2-bis(9-anthryl)acetylene to form
hexa(9-anthryl)benzene. Planarl,2-bis(9-anthryl)acetylene was dissolved in m-xylenes and
combined with catalytic amounts of dicobalt octacarbonyl. The reaction mixture was then sealed
in a microwave vial and sparged with argon, after which it was heated at reflux for four days.
Upon removal from heat, the solution yielded crystals of both polymorphs. A control reaction
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was then oerfonned in t11

me manner as tb

tal;1ic reaction, bur no catalyst was employ

..gain. both polymorphs crystallized from bot xylenes. Finally, it was also found that
intercomersion of orange into yello\\

n also be accomplished by slo\\ e\'aporation

from m-x\'!enes or dichloromethane as \\'ell.

Loon slow e\ aDoration of olanar I,2-bis(9-anthryl)acetylene from either m-xy!enes or
dichloromethane both yello\\' (66, T) and orange (0=) polymorphs crYStallize.

Figure I. Crystallization \'ial showing both t\\'isted and flat polymorphs of 1.2-bis(9
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Figure 2. UV-vis spectrum of dianthrylcyclopropenone in dioxane.

UV-vis spectroscopy on dianthrylcyclopropenone was accomplished using both 1,4
dioxane and chloroform as solvents. UV-vis spectroscopy was performed using an Ocean Optics
spectrometer and viewed using Loggerpro software.
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Figure 3. UV-vis spectrum of dianthrylcyclopropenone in chloroform.

As can be seen in both spectra, dianthrylcyclopropenone shows a strong peak around 500 om,
and as can be seen in the chloroform spectrum, the molecule presents a strong peak around
250nm , well into the ultraviolet range which corresponds to the chromophore of the aromatic
anthracene rings.

1,2-bis(9-antbryl)acetylene
UV-vis spectroscopy on both yellow and orange version of I,2-bis(9-anthry1)acetylene
was accomplished using both 1,4 dioxane and hexanes as solvents. As before UV-vis
spectroscopy was performed using an Ocean Optics spectrometer and viewed using Loggerpro
software. As can be seen in figures 6 and 7 below both the orange and yellow polymorphs of 1,2
bis(9-anthryl)acetylene give the expected identical UV-vis spectra.
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Figure 4.UV-vis data of both orange and yellow versions of 1,2-bis(9-anthryl)acetylene in
dioxane.
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Figure 5. UV-Vis data of both orange and yellow versions of 1,2-bis(9-antbryl)acetylene in
hexanes.

As can be seen in both the dioxane and hexane spectra, both polymorphs give identical
spectra in solution. The UV-vis in hexanes gives an exceptionally clear spectrum with the large
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peak between 250 and 300 nm corresponding to the acetylene bond, and the smaller peak
between 300 and 450nm corresponding to the chromophore of the anthracene moieties.
It is of significance that both polymorphs of 1,2-bis(9-anthryl)acetylene give the same
UV-vis spectrum in both solvents. This leads to the conclusion that both polymorphs are
interconverting to an energetic minimum in solution. The wavelength of the peaks, shifted
towards yellow more than red, suggest that the yellow polymorph, that is, the twisted version, is
predominant in solution.

2.3 IR Spectroscopic Data

Dian tb rylcyclo p ropenone

IR spectroscopy was accomplished by the thin film method using NaCl salt plates
employing a Perkins Elmer Spectrum One IT-IR The spectrum of dianthrylcyclopropenone
(please see appendix) shows a band at 3058.99 em- l whicb corresponds to the anthracene
moieties, as well as a band at 1842cm- l which corresponds to the carbonyl peak. Finally, the
carbon carbon double bond in the cyclopropene appears at 1584 em-I.

1,2-bis(9-anth ry I)acety lene

IR spectroscopy was accomplished by the same methods as above. The IR
spectra (please see appendix) of both the planar and twisted polymorphs of 1,2-bis(9~
anthryl)acetylene are identical, lending further support to the idea that both polymorphs of the
crystal exist as one energy minima in solution. The IR spectra of both twisted and planar
polymorphs show a band at 3045em- 1 and 3044cm- 1 respectively which corresponds to the
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anthracene moieties. However, of the greatest import in both spectra is that the carbonyl band,
1

seen at 1842cm- in the spectrum of dianthrylcyclopropenone, is nor present

2.4 I H NMR spectra

Dianthrylcyclopropenone
The IH NMR spectra in CDCh of dianthrylcyclopropenone (please see appendix) shows
a pattern in the aromatic peaks <38.75 (s, 1H) 8.40 (d, J=8.5 Hz, 2H), 8.15 (d, J=8.5 Hz, 2H),
7.55 (t, J=6.2 Hz, 2H) and 7.40 (t, 1=6.2 Hz, 2H). These peaks, the only significant ones in the
spectrum, account for all hydrogens in the molecule.

1,2-bis(9-anthryl)acetylene
The IH NNIR in CDCb of both polymorpbs 1,2-bis(9-anthryl)acetylene are
identical (please see appendix), and can be distinguished from the starting material by the panern
of peaks seen in the aromatic region. Both polymorpbs show a pattern of <38.9 (d, J=10.2 Hz,
-

2H), 8.45 (5, IH), 8.0 (d,J=lO.2 Hz, 2H), 7.6 (t, J=7.1 Hz, IH), and 7.5 (t,.1=7.1 Hz, lB). This
pattern of aromatic chemical shifts (doublet, singlet, doublet, triplet, triplet) can be seen to be
different from that of the starting dianthrylcyclopropenone, where the most upfield singlet and
doublet are switched, and accounts for all of the hydrogens in the molecule.
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2.5 Additional information on 1,l-bis(9-anthryl)acetylene

Melting points of 1,l-bis(9-antbryl)acetylene

Melting points were taken of both the yellow and orange polymorphs ,of the l,2-bis(9
anthryl)acetylene crystals, using benzoic acid as a standard. Benzoic acid melted as expected
between 120-124·C. The yellow crystalline form first decomposed at 310·C then melted between
318-320·C. The orange crystalline form melted at 314·C.

Differential Scanning Calorimetry

A differential scanning calorimetry experiment was run on 1.00 mg of the planar
polymorph of 1,2-bis(9-anthryl)acetylene. The experiment was run on a Perkins Elmer system 4
thermal analysis microprocessor controller, and the glass phase transition was determined. The
glass phase transition was determined to be 132 mcaltC and occurs at approximately 52·C.

2.6 Computational Results-l,l-bis(9-anthryl)acetylene

Four sets of single point energy computations were run on 1,2-bis(9-anthryl)acetylene,
where the dihedral angle was varied between 0 and 90° in 10· increments. HF /6-31G(d) and
HF/6-31 G+(d) calculations were undertaken, as well as DFT B3L YP/6-31 G(d) and

B3LVP/6-31 G+(d) calculations. All calculations were performed using GaussView 3.0
computational system. -Raw calculations were then normalized to a zero point by subtracting
each data point from the zero degree calculation for that basis set. The normalized data was then
converted into kcal/mol and ploned. As can be seen in figure 6 below for all basis sets a clear
minima can be seen when the dihedral angle is between 40·50·, while for all basis sets the O'
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rotaIner can be seen in fact be an energy maxima. The energy differential between the planar
maxima and the twisted minima ranges from 2.5kcal/moi for the HF/6-3 ]O(d) calculations to
0.88 kcaVmol for 'the B3LYP/6-31 G+(d) calcu1ations. This data corroborates with the crystal
s'trucrure data, which shows the twisted form of 1,2-bis(9-antbryl)acetylene to have a dihedra!l
angIe of66.7'.
,

Raw Cakufations
I

Angle in Degrees HF/6-310(d) HF/6-31G+(d)

B3LYP/6~31 Oed)

0

-1146.493602

-1146.52293

-1154.005SU

10
20

-1146.494436 -1146.523301
-1146.495611 -1146.524504

-1154.005767

30

-1146.496819 -1146.525561 I

-1154.00726

40
60
70
80

-1146.497437 -1146.5261-65l -1154.007525
-1154.007U7
-1146.497609 -1146.526383
-1]46.497491] -1146.526377 I -U54.006468
-1146.497289 -1146.526288
-1154.006094
-1146.49714 ~] 146.526203
-1154.006307

90

-1146.497059 -1146.526167

50

B3L YP/6-31 G+(d)
I

-1154.041522
-1154.042088

-1154.00664

-1154.00658

-1154.041359

I

-1154.042574
-1154.042762
-1154.042726
-1154.042508
-1154.042204
-1154.042074
-1154.042153

Calculations relative to O' dihedral energies
IAngie in Degrees HF/ ,6-3IG(d) HF/6-31G+(d) B3L YPI 6-31 Oed) B3L YPI 6-31 G+(d)

0

0

0

0

10

-0.523266

-0.9881619

-0.1606023
-0.7088491

-0.1027971
-0.4575291

20
30

-1.2605095
-2.0185043

-1.6512976

-1.0973281

-0.7625568

40

-2.4061048

-2.0303265

-1.2639607

-0.8808469

50

-2.5142231

-2.166701

-1.0079407

-0.8579368

60

-2.4399522

~2.1631745

-0.6005426

-0.7213677

70
80
90

-2.3131344

-2.1070572

-0.3661776

-0.5306517

-2.220095
-2.1689098

-2.0540522

-0.4994837
-0.6708897

-0.4492084

0
-0.2332229

-2.0315877

-0.49861 J5

Table 1. Raw and normalized data for dihedral angle energy calculations, all energies in
kcal/mol.

I
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2.7 Crystal Structure Data
Crystal structure data of the planar version of 1, 2-bis(9-antbryl)acetylene has previously
been published.

5

Becker, et a16 synthesized dianthrylcyclopropenone according to the methods

of Wadsworth and Donatelli 12 and photolyzed it to generate 1, 2-bis(9-anthryl)acetylene, and
performed a single crystal x-ray diffraction study. Becker, et al. found the molecule to be
exclusively planar and to have a monoclinic unit cell with the dimensions; a=12.432, b=5.112,
c=18.758 A, B 126.58'. They found there to be two molecules per unit cell, which had a volume
of 957.55A6. The spatial separation between H11H8 was reported to be 2.IA and the length of
the acetylene bond was reported to be 1.193A. Becker et. al. also determined that the HIIH8
distance, though smaller then the van der waals sum (2.4A) was nevertheless Dot great enough to
cause rotation of the anthracene moieties relative to the central acetylene bond. 5 The space group
was found to be P2 1/c.
Single crystal X-ray diffraction experiments l4 were run on both the yellow (twisted) and
orange (planar) versions of the crystals. In both cases, the selected crystal, grown in
dichloromethane, was attached to a glass rod drawn to a fiber with epoxy. Experiments were run
with phi and omega scans at 297 K on a Bruker SMART APEX CCD-based X-ray
diffractometer system equipped with a Mo-target X-ray tube. The structure was solved and
refined using Broker SHELXTL version 6.1 Software Package, using literature scattering
factors lS .
The yellow (twisted) polymorph of the 1,2-bis(9-anthryl)acetylene crystals were found to
have a monoclinic unit cell, however, the unit cell dimensions were found to be different from
those published by Becker, et. at, with dimensions ofa=12.907A, b=14.150A, c=11.6459A, and
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a 90" 13 112.780·, and y 90·. The bond length between C( 15) and C(15A), the central acetylene
bond, was found to be 1.1878A. The bond lengths for the CC bonds in the acetylene ring vary
between 1.343 and 1.4338A with and average bond length of 1.3997A. The angle between the
anthryl moieties was found to be 66.7", and the unit cell was found to contain four molecules,
rather than the published value of two molecules per unit celL Additionally the volume of the
3

unit cell is 1961.0sA . The space group was found to be C2/c.

Figure 7. Ellipsoidal projection of the twisted 1,2 bis(9 anthryl)acetylene structure. 16
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~.,

Figure 8. Crystal packing model of the twisted l,2 bis(9 anthryI)acetylene. 16
.

~

The crystal structure of the orange (planar) polymorph of the 1,2-bis(9-anthryl)acetylene
crystals has finally been solved after extensive difficulties with twinned crystals. Consistent with
published data, the unit cell was found to be monoclinic, however, the unit cell dimensions were
found to be similar to tfle structure published by Becker, et. al.,5 but different from that of the
twisted polymorph, with dimensions ofa=12.21IA, b=5.0080A, c=14.898A, and

(J.

90· B

94.315°, and y 90·. The bond length between C(15) and C(15A), the central acetylene bond, was
found to be 1.178A. The angle between the antbryl moieties was found to be 0·, and the unit cell
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was found to contain. two molecules, with a cell volume of 908.44A 3• Furthermore, the space
group was found to be P2(1)/n, which is different from the literature value.

Figure 9. Ellipsoidal Projection of the planar 1,2-bis(9-anth.ryl)acetylene structure. 16

Figure 10. Crystal packing model of the planar 1,2-bis(9~anthryl)acetyleDe.16
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2.8 Napbthalene and Quinoline Analogues

Synthesis of 1,1 '-diPaphthylacetylene
The synthesis of 1,1'-dinapbthylacetylene was accompllished in one step13 using a
Sonogasbira coupling. The catalytic system used was tetrakis(triphenylphospmne)Pd with
copper(I) iodide in the presence of bis-trimethylsilyl acetylene and DBU. Purification over a
silica column yielded a white solid (5% yield). Identity of the product was confirmed by IH

NMR..

Br

00
I~
~

f\I(l"l'b;ll,
0.1

~.~

~ trimdllyb;jJyI.-y1eoc

Scheme 2. Synthesis of 1,1'-dinaphthylacetylene

Synthesis of 1, 2-di(quinoline-8-yl)ethyne
The synthesis of 1, 2-di(quinoline-8-yl)ethyne was accomplished in two steps.13 In the
first step 8-hydroxyquinoline was activated using the triflate group. This was accomplished by
dissolving 8-hydroxyquinoline in dicWoromethane and it was reacted with
trifloromethanesulfonic anhydride in the presence of pyridine at O°c. Acidic workup yielded a
yellow orange solid (19% yield). IH NMR showed characteristic peaks which corresponded to
published data.
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Scheme 3. Synthesis of 1, 2-di(quinoline-8-yl)ethyne
The second step of the synthesis involved a Sonogashira coupling. The catalytic system used was
tetrakis(triphenylphosphine)Pd with copper(I) iodide in the presence oftrimethylsilyl acetylene
and DBU. Purification over a neutral alumina column yielded a red oil (27% yield) with
characteristic I H Ntv1R. peaks that correspond to published data
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Conclusions
3.1 Major Findings
A new concomitant confonnational polymorph of 1,2-bis(9-antbryl)acetylene was found
to exist with a dihedral angle of 66.7". Both planar and twisted forms of 1,2-bis(9
anthryl)acetylene were successfully synthesized and characterized, employing NMR, UV- Vis,

IR, and X-ray crystallography. Planar and twisted forms of 1,2-bis(9-anthryl)acetylene were
found to have differing melting points and different unit cell dimensions, however both
polymorphs remain spectroscopically identical. Computational studies varying the dihedral
angle of 1,2-bis(9-anthryl)acetylene using various basis sets found the lowest energy
conformation of the molecule to be a planar structure with a dihedral angle of 40-50°. 1,2
di(quinoline-8-yl)ethyne and 1,1'-dinaphthylacetylene were also successfully synthesized and
characterized by lH NMR.

3.2 f·uture Work
Renewed efforts should be made to trimerize 1,2-bis(9-antbryl)acetylene, using a wide
array of catalysts. Further efforts to characterize 1, 2-di(quinoline-8-yl)ethyne and 1,1'
dinaphthylacetylene by X-ray crystallography could also be undertaken., as well as computational
studies to determine the lowest energy dihedral angle in each case. Finally, anempts to
synthesize 1, 2-di(quinoline-8-yl)ethyne and 1,1' -dinaphthylacetylene trimers would also be of
interest.

31

Experimental
4.1 General
All procedures were carried OUit under argon using oven dried glassware, and
commercially available reagents and solvents. UV photolysis was performed either in a
Luzchem model LCZ-ORG photochemical reactor for small scale reactions or in an Ace Glass
photochemical reactor for larger scale reactions. The Luzchem reactor em.ploys a 250 watt ( )..=
254-419 nm) lamp, while the Ace Glass reactor employs a 450 watt medi.um pressure Hanovia
mercury lamp. Purifications were either performed using Soxhlet glassware, or freshly prepared
colUIIU1s, employing 60-200 mesh silica gel. NMR experiments were performed on a Broker
Avance 400 MHz ~TMR, IH NMR and

13e NMR experiments were performed with 400MHz and

100MHz respectively, with internal referencing to TMS. "tN-Vis spectroscopy was performed
using an Ocean Optics spectrometer. IR data was collected on a Perkins Elmer Spectrum One
IT-IR using the thin layer salt plate method. Crystal strucUlIe data was obtained using a Broker

SMART APEX CCD Single-Crystal X-Ray Diffractometer.

4.2 Synthesis of Starting Material
Dianthracyclopropenone. In 30mL of 1,2 dichloroethane was dissolved 2.56 g of
aluminum trichloride (19.2 mrnol) to which was added 3.00g oftetraehlorocyclopropene (16.8
mmol). The solution was stirred at room temperature for 0.5 hours, at which time it formed a
pale tan suspension. The solution was then cooled to -25·C using acetone and minimal dry ice.
and 6.08 g (33.8 mmol) of anthracene were added, Upon the addition of the anthracene, a deep
reddish-purple color was immediately visible. The solution was allowed to warm to 25·C and
then stirred at temperature for 18 hours. After 18 hours, the solution was poured into 150 mL of
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ice water.. The addition of diethyl ether yielded a reddish orange p~ecipitate which was filtered
and dried. The aqueous and organic layers were separated, and the dark purple organic layer was
evaporated under reduced pressure. The reddish orange solid and dried organic layer were then
purified by Soxblet distillation. The solids were packed into the cellulose thimble which was

fined into the SmmIet apparatus. The distillation was run with 200 mL of dichloromethane in the
solvent reservoir, which was allowed to reflux for 30 hours, after which time the enriched
solvent was evaporated under reduced pressure, and the solids were recrystalized in
dioxane/toluene to yield a final mass of 1.03 (27%) grams of red solids. 'H NMR (CDC!) & 8.75
(s, 1H) 8.40 (d, J=8.4 Hz, 2H), 8.15 (d, J=8.5 Hz, 2H), 7.55 (1, J=6.2 Hz, 2H) and 7.40 (1, J=6.2

Hz,2H,).

. 4.3 Generation of 1, 2 bis(9-anthryl)acetylene

Thermal Decomposition. In a microwave vial 98mg (0.24 romol) of
dianthracyclopropenone and 1.53g of neutral alumina were dissolved in 1 mL of 1,2
dichloroethane. The reaction vial was degassed with nitrogen and sealed, and heated to 160'C for
18 hours. After 18 hours, the reaction was cooled to room temperature, and 2 mL of 1,2
dichloroethane was added. The cooled reaction mixture was then pipetted directly onto a silica
column and eluted with 5-10% dichloromethane in hexanes. Solvent was then removed via slow
evaporation, which yielded both yellow and orange crystals, which give the same NMR spectra

IH NMR (CDCh) & 8.9 (d, J=10.2 Hz, 2H), 8.45 (s, IH), 8.0 (d, J=10.2 Hz, 2H), 7.6 (1, J=7.1

Hz, 1H), and 7.5 (1, J=7.l Hz, IH).
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Photochemical Decomposition-small scale. Dianthracyclopropenone (34.0mg,
O.083mmol) was dissolved in 50 mlL of dichloromethane. This solution was then distributed
among ten. 10mL glass test tubes ,and was placed in the Luzchem photochemJcal reactor cabinet
and irradiated for 4.5 hours. The bright Fed solution bad then changed to a brownish ,color, and
the solution was recombined and allowed to evaporate. The resultant solid was then purified by
column chromatography, and eluted using 20% dichloromethane in hexanes to give 9.4 mg
(30%) product in the form of orange solids. IH NMR (CDCb) & 8.9 (~J=10.2 Hz, 2H), 8.45 (5,
IH), 8.0 (d, 1=10.2 Hz, 2H), 7.6 (t, J=7.1 Hz, 1H), and 7.5 (t, J=7.1 Hz., lH).

Photochemical Decomposition- large scale. Dianthracyclopropenone (110 mg,
0.271mmol) was dissolved in 300rnL dichlorometbane and placed in the UV reaction vessel. The
solution was then placed in the Ace Glass photochemical reactor cabinet and irradiated for 3
hours. The bright red solution then changed to a brownish COlOf, and the solution was allowed to
evaporate. The resultant solid was then purified by column chromatography, and eluted using
20% dichloromethane in hexanes to give 10% product in the form of orange solids. IH NMR
(CDCh) 6 8.9 (d, 1=10.2 Hz, 2H), 8.45 (5, IH), 8.0 (d, J=lO.2 Hz., 2H), 7.6 (t, J=7.l Hz, IH),
and 7.5 (t, J=7.l Hz, lH).

4.4 Sonagashira Couplings
1,1'-dinaphthylacetylene. In a flame dried I OOmL Parr bottle was combined 0.137g of
Pd(pPh3k O.124g of CuI and 1.0 rnL (7.2 mmol) of I-bromonaptbalene. To this solution was
added 30 rnL of dry benzene. To this yellow stirred solution was added 5.85mL ofDBU. Upon
addition of the DBU, the solution turned reddish in color. The mixture was then sparged with
nitrogen for 5 min, upon which time the solution turned golden brown in color. To this solution
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was added 28JlL of deionized water and 0.46 mL of trimethylsilylacetylene. The reaction was
then immediately sealed and placed in an 80°C oil bath, at which time it turned reddish brown.
The reaction was wrapped in foil to block ambient light and heated at temperature for 18 hours.
The reaction mixture was then cooled to room temperature and partitioned between diethyl ether
and water. The aqueous layer was extracted with 3x 50 mL ether and the combined organics
were washed with 3 x 50 mL of 2M HCI and 100 mL of brine. The organics were dried over
anhydrous Na2S04, filtered, and solvent removed in reduced pressure to yield a brownish solid.
Purification on silica column yielded 99 mg (5%) of white solid. IH NMR (CDCh) [) 8.55 (d,

J=8.7 Hz, IH) 7.90 (t, .1=8.0 Hz, 3H), 7.65 (t, J=8.0 Hz, IH), 7.55 (t, J=7.5 Hz, lH) and 7.5(1,
.1=7.8 Hz, lH).

Quinolin-8-yl tritluoromethanesuJfonate. In 66 mL of dry dichloromethane was
dissolved 2.9 g (20 nunol) of8-hydroxyquinoline and 8.21 mL (103 mmol) of pyridine. The
reaction mixture was cooled down to O·C and to the light yellow solution was added 4.0 mL (24
mmol) oftrifloromethanesulfonic anhydride in 40 mL dry dichIoromethane was added drop wise
from an addition funnel. Upon the addition a white smoke formed and the solution darkened to a
deep yellow, the solution was then allowed to warm to room temperature. The reaction was
quenched with 50mL of water. The reaction mixture was extracted with 3x 30 mL
dichloromethane. The combined organics were washed with 1 M Hel, and brine. The organic

-

layer was dried over anhydrous NaZS04' filtered, and the solvent removed under reduced
pressure to yield 5.48g (19%) of yellow orange solids. IH NMR (CDCh) [) 9.01 (dd, .1=7.1, 1.4

Hz,lH), 8.30(dd,J=10.1, 1.8 Hz, IH), 7.85(dd,J=9.55, 1.3 Hz, 1H), 7.60 (dd,J=8.9, 1.3 Hz, IH)
7.55, (d, .1=8.1 Hz, IH), 7.50 (dd, J=12.5, 3.8 Hz, lH).
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1,2-di(quinoline-8-yl)ethyne. In 15 mL dry acetonitrile was dissolved 2.0 g (7 mmol)
of quinolin-8-yl trifluoromethanesulfonate, 0.365 g Pd(PPh3)4J and 0.19 g CuI. To this solution
was added 6 rnL of DBU, the reaction vessel was degassed with argon for 5 minutes. 51 0IlL of
cold trimethylsilylacetlyene was dissolved in 15 mL of dry acetonitrile and degassed for 1
minute before being transferred via cannula into the reaction vessel. 50/lL of distilled water was
then added and the red brown reaction mixture was degassed for 5 minutes, and covered with foil
to protect against incident light. The reaction mixture was heated to 60" C for three hours, after

which the reaction was poured into 150 mL of dichlorometbane and washed with water. The
organic layer was dried with anhydrous Na2S04 and fIltered. Solvent was removed under
reduced pressure to yield 6.9 g of black oil. The oil was purified over a column of neutral
alumina, and eluted with a gradient of 20% ethyl acetate in hexanes to 100% ethyl acetate.

Fractions 12-125 were recombined to yield 1.45g (72%) reddish oil. lH NMR (CDCb) 0 9.0(5,
lH), 8.0(d, J=8.3 Hz 2H), 7.6-7.4(m, 3H).
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Appendix
IH NMR Spectra
Dianthracyc lopropenone
1,2 bis(9·antluyl) acetylene- twisted 66.7'
1,2 bis(9-anthryl) acetylene-planar 0·
1,1 '-dinaphthylacetylene
1, 2-di(quinoline-8-yl)ethyne
"
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IR Spectra
Dianthracyclopropenone
1, 2 bis(9-anthryl) acetylene- twisted 66.7'
1,2 bis(9-anthryl) acetylene-planar 0·

Crystal Structure Report: 1,2 bis(9-anthryl) acetylene- twisted 66.7'
Crystal Structure Report: 1,2 bis(9-anthryl) acetylene- planar
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Das18 Crystal Structure Report (Revised)
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R. Conry
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Table 1. Crystal data and structure refinement for twisted anthryl.
Identification code

DasI8_; twisted anthryl

Empirical fonnula

~IS

Fonnula weight

378.44

Temperature

297(2) K

Wavelength

0.71073

Crystal system

Monoclinic

Space group

C2/c

Unit cell dimensions

a = 12.9071(18) A
b = 14.150(2) A
c = 11.6459(17) A

A

a
~

=90~

=112,780(2f

Y = 90°

Volume,Z

1961.0(5) A3, 4

Density (calculated)

1.282 Mglm3

Absorption coefficient

0.073 rom-I

F(OOO)

792

Crystal size

0.37 x 0.08 x 0.06 rom

e range for data collection

2.24 to

Limiting indices

-17 < h < 17, -18 < k < 18, -15 < l < 15

Reflections collected

9124

Independent reflections

2410 (Rm, = 0.0519)

Completeness to

e = 28.31

0

28.29~

98.7 %

Absorption correction

None

Refinement method

Full-matrix least-squares on ~

Data I restraints I parameters

2410 10/136

Goodness-of-fit on

Pz

0.915

Final R indices [I>2cr(I)]

Rl

= 0.0482, wR2 =0.1358

R indices (all data)

Rl

= 0.0730, wR2 = 0.1485

Largest diff. peak and hole

0.254 and --0.150 e-IA

Table 2. Atomic coordinates [x 104 J and equivalent isotropic displacement parameters [Al x loJ] for twisted
anthryl. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

x

y

z

U(eq)

-

-. -

C(l)
C(2)
C(3)
C(4)
C(5)
C(6) .
C(7)
C(8)
C(9)
C(lO)
C(ll)
C(12)
C(13)
C(l4)
C(15)

1517(1)
2020(1)
3198(2)
3841(1)
4188(1)
3700(1)
2526(1)
1870(1)
1670(1)
4004{1)
3359(1)
2160(1)
3533(1)
2338(1)
483(1)

-48(1)
-741(1)
-782(1)
-114{1)
2809(1)
3507(1)
3547(1)
2874{1)
1390(1)
1343(1)
639(1)
665(1)

9721(1)
10550(1)
11150(1)
10921(1)
8780(1)
7971(2)
7353(2)
7545(1)
8571( 1)
9843(1)
1O<m(l)
9441(1)

2079(1)
2115(1)
1384{1)

8374{1)
7836(1)

9026(1)

59(1)
76(1)
86(1)
75(1)
75(1)
85(1)
76(1)
60(1)

44(1)
61 (1)
56(1)
47(1)
55(1)
48(1)
47(1)

Table 3. Bond lengths

.

C(1)-C(2)
C(1)-C(12)
C(2)-C(3)
C(3)-C(4)
C(4)-C(11)
C(5)-C(6)
C(5)-C(13)
C(6)-C(7)
C(7)-C(8)
C(8)-C(l4)
C(9)-C(12)
C(9)-C(14)
C(9)-C(15)
COO)-C(13)
C(]O)~C(lI)

CO I)-ceI2)
C(B)-ceI4)
C(]5)-C(15A)

1.3530(19)
1.4226(18)
1.407(2)
1.351(2)
1.419(2)
1.343(2)
1.4321(19)
1.404(2)
1.3495(19)
1.4138(17)
1.4083(16)
1.4146(16)
1.4367(14)
1.382(2)
1.392(2)
1.4338(16)
1.4318(15)
1.1878(19)

rAJ and angles n

for twisted aniliTyL

C(2)-C(1)-C(12)
C(1)-C(2)~C(3)
C(4)-C(3)-C(2)
C(3 )-C(4)-C(11)
C(6)-C(5)-C( 13)
C(5)-C(6)-C(7)
C(8)-C(7)-C( 6)
C(7)-C(8)-C(14)
C( 12)-C(9)-C( 14)
C( 12)-C(9)-C(15)
C( 14)-C(9)-C( IS)
C( 13 )-C( 1O)-C( 11)
C(10)-C(11)-C(4)
C( 1O)-C( 11 )-C( 12)
C(4)-C(II)-C(l2)
C(9)-C(12)-C( I)
C(9)-C(I2)-C(Il)
C( 1)-C(l2)-C( II)
C( 1O)-C( 13)-C( 14)
C(lO)-C(l3)-C(5)
C(14)-C(13)-C(5)
C(8)-C( 14)-C(9)
C(8)-C(14)-C(13)
C(9)-C( 14)-C( 13)
C( 15A)-C( 15)-C(9)

Symmetry transformations used to generate equivalent atoms:
A -x.,y,-z+3/2

121.09(13)
120.77(15)
120.13(14)
121.54(13)
121.22(13)
120.61 (14)
120.56(15)
121.33(12)
120.82(10)
120.20(11)
118.94(10)
122.49(10)
122.56(12)
119.17(12)
118.27(13)
122.81(10)
119.03(12)
118.16(12)
119.24(12)
122.95(12)
117.80(13)
122.38(10)
118.47(11)
119.15(11)
175.93(16)

Table 4.

Anisotropic displacement parameters [A2 x IcY] for twisted antbryl. The anisotropic
displacement factor exponent takes the form: -1:JCl [Cha*)2 VII + ... + 2hka*b*U JJ.

Vll

C(l)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C( 11)
C(12)
C(13)
C(l4)

COS)

-

58(1)
93(1)
100(1)
61(1)
52(1)
88(1)
87(1)
56(1)
33(1)
31(1)
43(1)
42(1)
39(1)
40(1)
39(1)

U22

65(1)
71(1)
86(1 )
98(1)
106(1)
97(1)
75(1)
68(1)
55(1)
93(1)

74(1)
58(1)
77(1)
60(1)
54(1)

U33

51(1)
61(1)
60(1)
52(1)
69(1)
80(1)
70(1)
56(1)
41(1)
50(1)
41(1)
39(1)
48(1)
42(1)
46(1)

U23

-1(1)
10(1)
20(1)
4(1)
-24(1)
-11(1)
5(1)
2(1)
-7(1)
-17(1)
-7(1)
-7(1)
-17(1)
-9(1)
-2(1)

V13

18(1)
26(1)
18(1)
5(1)
26(1)
43(1)
33(1)
20(1)
11(1)
6(1)
8(1)
12(1)
16(1)
15(1)
14(1)

U12

-2(1)
00)
29(1)
25(1)
-28(1)
-41(1)
-17(1 )
-5(1 )
1(1)
0(1)
9(1)
2(1)
-10(1)

-4(1)
0(1)

Table 5. Hydrogen coordinates ( x 10") and isotropic displacement parameters
anthryl.

..

x

.. .

H(l)

H(2)
H(3)

H(4)
H(5)
H(6)
H(?)
H(8)
H(lO)

737
1582
3534
4618
4966
4143
2198
1095
4781

(A2 x 16') for

y

z

U(eq)

-37
-1196
-1270
-149
2799
3%9
4041

9329
10725
11705
11326
9189
7818
6806
7123
10251

70
91
103

2910

1318

90
90

102
92

72
73

twisted

:: ...

Experimental
The se1lected crystal w,as glued onto the ,tip of a g,lass rod drawn out to a fiber with epoxy. The X-ray
intensity data for this pale-ydlow needle of c;Ji18 with approximate dimensions 0.37 x 0.08 x 0.06 nun were
measured with phi and omega scans at 29Jl K on a Broker SMART APlEX CeD-based X-ray diffractometer
.'

system equipped w,ith a Mo-target X-ray tube (A = 0.71073 A). The detector was placed at a distance of 5.00

.'.

cm from the crystal. A total of 1850 frames were coHeeted (a hemisphere of data) with an exposure time of
30 sec/frame. The frames were integrated with the Bruker SAINT software package using a narrow-frame
integration algorithm giving a total of9124 reflections to a maximum 28 angle of 57° of which 2410
reflections were independent. The structure was solved (direct methods) and refined using the Bruker
SHELXTL version 6.1 Software Package using literature scanering factors (Wilson, A. 1.

c., Ed.

ImernaJional Tables/or Crystallography; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1992;
Vol. C.), and the monclinic space group Cl/c, with Z = 4. No absorption correction was applied. The final
anisotropic full-matrix least-squares refinement of f'2 converged at Rl

= 4.82%, wR2 =13.58%

for

reflections of I > 20(1) and a goodness-of-fit of 0.915 for all data. All non-hydrogen atoms were modeled
anisotropically. Hydrogen atoms were placed at calculated distances and use a riding model, which means
that the positional and thennal parameters are derived from the atom each hydrogen atom is bound to, while
maintaining the calculated distance and optima! angles. The largest peak and hole in the final difference map
were 0.254 and -0.150 e-/A3 , respectively. The calculated density is 1.282 glcm 3 and F(OOO) is 792 e-.

Thermal ellipsoid drawings (50% probability ellipsoids cover; 50% labeled picture and 10% cell depictions)
in this report were generated with the Bruker SHELXTL software.

Other Nonbonding Distances and Angles
Angles between anthryl planes
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Table L Crystal data and structure refinement for planar bis(anthIyl).
Identification code

DasI8_; planar bis(anthryl)

Empirical fomula

C:3JI18

Formula weight

378.44

Temperature

188(2) K

Wavelength

0.71073

Crystal system

Monoclinic

Space group

P2(l)/n

Unit cell dimensions

a = 12.211(3) A
b = 5.0080(13) A
c = 14.898(4) A

Volume, Z

908.4(4) A3, 2

Density (calculated)

1.384 Mglm3

Absorption coefficient

0.078 mrn-1

F(OOO)

396

Crystal size

0.33 x 0.14 x 0.01 mrn

e range for data collection

2.08 to 28.45·

Limiting indices

-16 < h < 16, -6 < k < 6, -19 < l < 19

Reflections collected

8277

Independent reflections

2267 (R.,l = 0.0565)

Completeness to

e = 28.31·

A

a =90·
~ = 94.315(5)"
y= 90·

98.8 %

Absorption correction

None

Refinement method

Full-matrix least-squares on F2

-

Data / restraints / parameters

2267/0/136

Goodness-of-fit on f2

0.879

Final R indices [1>20(1)]

Rl = 0.0509, wR2 = 0.0973

R indices (all data)

Rl = 0.1167, wR2 = 0.1155

Largest diff. peak and bole

0.183 and -0.189 e-/A

- .

. .

Table 2. Atomic coordinates [x 104 ] and equivalent isotropic displacement parameters rA2 x l<r] for planar
bis(anthryl). U(eq) is defined as one third of the trace of the orthogonalized Vii tensor.

x

y

z

U(eq)

10107(1)
10261(1)
9720(1)
9039(1)
7195(1)
6994(1)
7522(1)
8233(1)
9208(1)
8137(1)

46(1)
51(1)
52(1)
48(1)
48(1)
52(1)
51(1)
45(1)
35(1)
45(1)
40(1)
37(1)
40(1)
37(1)
34(1)

.
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)

2738(1)
1780(2)
1354(2)
1903(2)
5003(2)
5929(2)
6369(2)
5873(1)
4342(1)
3469(1)
2907(1)
3341(1)
4442(1)
4888(1 )
4804{1)

1765(3)
620(4)
-1455(3)
-2316(3)
-1767(3)
-597(4)
1489(3)
2347(3)
2084(3)
-2042(3)
-1170(3)
931(3)
-910(3)
1203(3)
4147(3)

8846(1)

9396(1)
7937(1)
8474{1)
9768(l)

Table 3. Bond lengths

C(I)-CC2)
CCl)-CC12)
C(2)-CC3)
C(3)-C(4)
C(4)-C(1l)
C(5)-C(6)
. C(5)-C(l3)
G(6)-C(7)
((7)-C(8)
G(8)-C(14)
C(9)-C(14)
: ' .. C(9)-C(12)
C(9)-C(15)
CO O)-C( 13)
C(1O)-CC11)
CO 1)-C(12)
C(13)-C(14)
C(15)-C(l5A)

1.338(2)
1.399(2)
1.392(2)
1.330(2)
1.403(2)
1.329(2)
1.410(2)
1.391(2)
1.331 (2)
1.403(2)
1.395(2)
1.399(2)
1.4185( 19)
1.369(2)
1.373(2)
1.411(2)
1.411(2)
1.178(3)

rA] and angles n for planar bis(anthryl).
C(2)-CCl)-CCI2)
C( 1)-CC2)-CC3)
CC4)-CC3 )-C(2)
C(3)-C(4)-C(11)
C(6)-C(5)-CC13)
C(5)-C(6)-C(7)
C(8)-C(7)-C(6)
C(7)-C(8)-C( 14)
C( 14)-CC9)-C(12)
C(14)-C(9)-C( 15)
C( 12)-C(9)-C( 15)
C(13)-C(1O)-C(11)
CCI0)-C(II)-C(4)
C(I O)-C( 11 )-C( 12)
C(4)-C(11)-C(12)
C( 1)-C( 12)-C(9)
C(1)-C(12)-C(11)
C(9)-C(12)-C(lI)
CClO)-C(13)-C(5)
C(1O)-C(13)-C( 14)
C(5)-C(13)-C(14)
C(9)-C( 14)-CC8)
C(9)-CC 14)-C( 13)
C(8)-C( 14)-C( 13)
C(15A)-C( 15)-C(9)

Symmetry transformations used to generate equivalent atoms:
A -x+l,-y+l,-z+2

121.23(17)
120.93(18)
119.74(18)
121.47(17)
120.98(17)
120.19(17)
120.91(18)
121.41(17)
120.21(15)
119.94(16)
119.85(15)
121.81 (16)
121.44(16)
119.75(17)
118.81(16)
123.07(16)
117.81(16)
119.12( 15)
121.66(17)
119.49(16)
118.84{17)
122.74(16)
119.59(16)
117.67(16)
179.4(2)

Table 4. Anisotropic displacement parameters [A2 x l<Y] for plan~ bjs(anthryl). The anisotropic
displacement factor exponent takes the form: -21r? [(ba*)2 U II + ... + 2hka*b*U I J.

CO)
C(2)
C(3)
C(4)
C(5)
G(6)
C(7)
C(8)
C(9)
C(lO)
C(11)
C(l2)
C(l3)
C(14)
C(15)

Ull

U22

U33

54{1)
51(1)
50(1)
51 (1)

44(1)
59(1)
54(1)
44(1)
41(1)
54(1)
55(1)
41(1)
28(1)
35(1)
34(1)
31(1)
33(1)
30(1)
30(1)

40(1)
44(1)
53(1)
47(1)
43(1)
43(1)

58(1)
59(1)
52(1)

52(1)
44(1)
55(1 )
46(1)
45(1)
48(1)
45(1)
41(1)

47(1)

42(1)
33(1)
42(1)
37(1)
34(1)
36(1)
34(1)
31(1)

U23

-3(l)
5(1)
9(1)
-1(1)
-10(1)
-8(1)
-4(1)
-5(1)
-1(1)
-5(1)
4(1)
2(1)
-3(1)
0(1)
2(1)

Ul3

VI2

2(1)
5(1)
-4(1)

-1(1)
-1(1)
-8(1)
-8(1 )
9(1)
12(1)
0(1)
-3(1)
2(1)
0(1)
0(1)
3(1)
6(1)
5(1)
2(1)

-S(l)
-6(1)
3(1)
8(1)
-1 (1)
-6(1 )
-11(1)
-10(1)
-7(1)
-8(1)
-6(1)
1(1)

Table 5. Hydrogen coordinates ( x 104 ) and isotropic displacement parameters (A 2 x 1<Y) for planar
brs(anthryJ).

x

.

'.

H(l)

3015

H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)
H(lO)

1384

673
1609
4713
6293
7032
6193
3174

y

3169
1234
-2254
-3740
-3202
-1187
2312
3766
-3470

z
1008
10746

9837
8674
6834
6488
7372
8586
7775

U(eq)

55
62
63
58
57
62
61
54
54

. -.

Experimental
The selected crystal was coated with Paratone N oil and maneuvered onto the tip of a glass rod drawn out to
a fiber and frozen in the cold stream provided by a Rigaku X-Stream 2000 The X-ray intensity data for this
_orange-red plate of ~18 with approximate dimensions 0.33 x 0.14 x 0.01 mm were measured with phi and
omega scans at 297 K on a Bruker SMART APEX CCO-based X-ray diffractometer system equipped with a
Me-target X-ray tube (A = 0.71073

A).

The detector was placed at a distance of 5.00 em from the crystal. A

total of 1850 frames were collected (a hemisphere of data) with an exposure time of 30 sec/frame. The
frames were integrated with the Bruker SAINT software package using a narrow-frame integration algorithm
giving a total of 8277 reflections to a maximum 28 angle of 56.9· of which 2267 reflections were
independent. The structure was solved (direct methods) and refined using the Bruker SHELXTL version 6.1
Softw.are Package using literature scattering factors (Wilson, A. J. C, Ed. InJernaJional Tables for

Crystallography; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1992; Vol. C), and the
moncli1oic space group P2(1)/n, with Z

=4.

No absorption correction was applied. The final anisotropic

_fuJII-matrix least-squares refinement of ~ converged at Rl

=5.09%, wR2 =9.73%

for reflections of I >

2<J(1) and a goodness-of-fit of 0.879 for all data. All non-hydrogen atoms were modeled anisotropically.

Hydrogen atoms were placed at calculated distances and use a riding model, which means that the positional
_and thennal parameters are derived from the atom each hydrogen atom is bound to, while maintaining the
calculated distance aDd optimal angles. The largest peak and hole in the final difference map were 0.183 and

. -0.189 e-/A 3 , respecti vely. The calculated density is 1.384 g/cm3 and F(OOO) is 396 e-. Thermal ellipsoid
drawings (50% probability ellipsoids cover; 50% labeled picture and 10% cell depictions) in this report were
generated with the Bruker SHELXTL software.

Other Nonbonding Distances and Angles
Angle between anthryl planes
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